Aims To determine the changes produced on the peripapillary retinal nerve fiber layer (RNFL) thickness, measured by an spectral-domain optical coherence tomography (OCT), after the implantation of a trifocal diffractive intraocular lens (IOL) and compare them with the variations produced by a monofocal IOL implantation. Methods A prospective, double masked study in which 50 eyes belonging to 50 patients with bilateral cataract were enrolled. Sequentially, the first 25 patients were bilaterally implanted with the trifocal diffractive IOL AT LISA® Tri 839 MP and the following 25 patients with the monofocal IOL CT ASPHINA® 409 M/MP. RNFL thickness measurements were performed by Cirrus HD®-OCT before and six months after the second eye surgery. Results Mean patient age was 69.5 ± 6.1 years. In response to surgery, the average RNFL thickness increased 7.29 ± 10.51 µm at the AT LISA® Tri group and 1.96 ± 2.90 µm at the monofocal IOL group from the baseline (p = 0.017). Statistically significant differences in thickness variations were also detected in the superior sector (7.86 ± 7.70 µm at the AT LISA® Tri group vs 1.73 ± 5.74 µm at the monofocal group). Statistically significant differences between the pre and the postsurgery measurements were found in all sectors except the inferior one with the trifocal IOL and in two of the studied sectors (average and temporal) with the monofocal IOL. Conclusions The IOL implantation produce changes in the RNFL thickness, which are larger in case of a trifocal diffractive IOL.
Introduction
Currently, the trifocal intraocular lenses (IOLs) are increasingly used to achieve a satisfactory vision levels at far, near or intermediate vision without a following optical correction needed.
The IOL AT LISA® Tri 839 MP (Carl Zeiss Meditec, Jena, Germany) is a trifocal diffractive lens, which produce an addition of +3.33 diopters (D) in the near vision and +1.66 D in the intermediate one. It has been designed as a plate with four haptics, a 0 degrees angulation and its square edge design also offer a 360 degree anti-posterior capsular opacification double barrier for double posterior capsular opacification protection. It has been commercialized in a dioptric range between 0.00 and +32.00 D in 0.50 D steps.
The use of optical coherence tomography (OCT) to examine the retinal nerve fiber layer (RNFL) has become essential in daily clinical practice. Several studies have shown the OCT clinical usefulness to study many retinal and optic nerve diseases [1, 2] , along with its excellent reproducibility [3] .
In addition, recent studies have shown that following cataract extraction and the implantation of a monofocal IOL, the OCT measurements will be modified [4] , which should be taken into account during the patients' follow-up visits. The possible changes produce by the frequent implantation of others IOLs still need to be investigated.
The present study was designed to determine if changes in the OCT peripapillary RNFL thickness measurements produced in response to cataract surgery with an IOL implantation, differ according to whether the implanted IOL is a monofocal or a trifocal one. This is important because if different types of IOL produce different changes in OCT measurements we must know it to make a correct follow-up of the patients depending on the type of the IOL implanted.
To the best of our knowledge, this is the first study to compare the monofocal versus the trifocal IOL implantation effects on OCT measurements.
Methods
The present experimental and prospective single-center study is adhered to the principles of the Helsinki Declaration of 1975. The study protocol was approved by the Institutional Review Board and all patients were informed and signed informed consent prior to inclusion.
The study sample included 50 eyes of 50 Caucasian subjects. Participants had been diagnosed with bilateral cataract in surgical range and a best-corrected distance (4 meters) visual acuity under 0.5 (Snellen scale). Further inclusion criteria were age older than 18 years and a presurgery refractive error of ≤5 diopters of sphere (to increase the OCT scans accuracy) and ≤1.5 diopters of corneal astigmatism. The cataracts were classified using the LOCS III system and the ones above N5,P3,C3 were excluded.
We excluded all patients presenting an uncontrolled systemic disease, cataracts as a result of trauma or medication, a prior or current ophthalmologic disease besides cataract or a previous retinal/optic disc pathologies such as glaucoma or other neuropathies.
All patients underwent cataract surgery using the phacoemulsification standard procedures with a Bausch and Lomb Stellaris® platform (Bausch&Lomb Incorporated, Rochester, NY, USA) and an IOL implantation in the capsular bag. All surgical procedures were performed by the same surgeon (JMC). There were no intraoperative complications so there was no need to modify the original protocol. The different type of IOL implanted was assigned to patients in chronological consecutive order according to their inclusion date in the study. The first 25 patients were bilaterally implanted with the IOL AT LISA® Tri 839 MP (Carl Zeiss Meditec, Jena, Germany), which is a trifocal lens with two diffractive structures providing three visual foci. The following 25 patients bilaterally received the monofocal intraocular lens CT ASPHINA 409 M/MP (Carl Zeiss Meditec, Jena Germany). Only one eye (right) of each patient was included in the study.
In order to analyse the peripapillary RNFL thickness, spectral-domain OCT measurements were performed by Cirrus HD®-OCT (Carl Zeiss Meditec, Jena, Germany) before surgery and six months after the second eye surgery to avoid any possible bias due to postsurgery inflammation. On the examination screen, we selected the mode "Optic Disc Cube 200 × 200" to capture images and analyze the results. The measurements were repeated until the required quality level (≥6/10) was achieved. All measurements were taken by the same researcher (JGB) who was not aware of the IOL type implanted in each subject.
As the groups could be not homogeneous, in both of them the presurgery RNFL measurements were subtracted to the postsurgery ones and the outcome result was the variable compared between the two groups. This way, differences between these new variables will be only ones due to the type of IOL implanted.
Thickness measurements are provided for each of the 5 sectors defined by this OCT instrument as: average thickness (G), nasal (N), temporal (T), superior (S), and inferior (I).
Statistical analysis
Statistical tests were performed using the program SPSS version 18.0 for Windows (SPSS Inc., Chicago, IL). The distribution of the different quantitative variables of the study was analyzed by the Kolmogorov-Smirnov test and afterwards, a parametric test was used for normally distributed variables (test for paired Student T) and a nonparametric one for non-normally distributed variables (test Wilcoxon). Quantitative variables were expressed by the corresponding mean and standard deviation (SD). Significance was set at p < 0.05.
Results
The mean patient age was 70.3 ± 6.0 years in the IOL AT LISA® Tri implanted group and 68.7 ± 6.2 years in the IOL CT ASPHINA® group. 25 eyes of 25 patients were included in each group. No statistically significant differences between groups were found (p = 0.431).
There were also no statistically significant differences between the men: women ratio (12:13 in the AT LISA® Tri group; 11:14 in the CT ASPHINA® group) (p = 0.327). All patients completed the follow-up visits and no OCT images were eliminated due to insufficient quality.
The cataracts included in the study allowed us to take the measurements required, always keeping a quality image level ≥6/10. Mean image quality level before surgery was 6.75 ± 0.63 in ASPHINA® group and 6.81 ± 0.77 in LISA® Tri group. Postsurgery mean image quality level was 8.15 ± 1.2 in ASPHINA® group and 8.34 ± 1.30 in LISA® Tri group. No statistical differences were found between groups (p = 0.24 presurgery and p = 0.18 postsurgery).
The best-corrected binocular levels of visual acuity (BCVA) before surgery were 0.75 ± 0.18 (LogMAR) in the IOL AT LISA® Tri 839 MP group and 0.73 ± 0.23 (Log-MAR) in the IOL CT ASPHINA® group. No statistically significant differences between groups were found (p = 0.538).
Peripapillary RNFL thickness measurements obtained before and after surgery are provided in Table 1 for the IOL AT LISA® Tri group. Statistically differences between pre and postsurgery RNFL thickness values were observed in all analysed sectors except the inferior one.
Peripapillary RNFL thickness measurements obtained before and after surgery are provided in Table 2 for the IOL CT ASPHINA® group. Statistically differences between pre and postsurgery RNFL thickness values were observed in the average and temporal sectors. Table 3 shows the comparison between the differences (postsurgery RNFL-presurgery RNFL measurements) found in both groups. Statistically significant differences were obtained in the average thickness and the superior sector. No statistically differences were found in the nasal sector although the p-value was very close to 0.05. In addition, it can be observed that the RNFL thickness was particularly increased at the trifocal group versus the monofocal one.
Discussion
Nowadays, the multifocal IOLs and especially the trifocal ones, are being frequently used to provide a very good quality and spectacle-free vision levels at far, near, and intermediate distance. In addition, the OCT has become a technique routinely used in ophthalmology clinics to examine the peripapillary RNFL thickness.
According to these facts, there is a need for knowledge on the OCT changes produced in response to this type of IOL implantation.
Previous studies had demonstrated the cataract effect on the OCT RNFL thickness measurements, which generally produce a low quality image due to light dispersal [5] [6] [7] . The IOL implantations produce a quality image improvement, which would result in a higher postsurgery RNFL thickness [8] [9] [10] . These findings have been demonstrated regardless of the IOL type implanted [4, 11, 12] , but there are no studies in which a comparison between two different types of IOL had been realized.
In the present study, a higher postsurgery RNFL thickness was found in both groups, which agreed with other published studies. In the trifocal IOL group, the RNFL thickness increase was statistically significantly higher in all analyzed sectors but the inferior one. Previous studies with monofocal IOL was shown no changes in inferior sector but in this case the absence of variation in this sector could be producted by optical properties of the IOL.
To our knowledge there are no previous studies comparing the OCT measurement's changes produced in response to the implantation of different IOLs so we have no reported data to compare our results with.
As the first study to compare the variations induced by two different types of IOL, our findings are innovative and provide direction for future studies designed to address this issue.
The results obtained in this study indicate a significantly greater RNFL thickness increase, (measured by Cirrus®-OCT) in the average thickness and the superior sectors following a trifocal IOL implantation than a monofocal one. Such results, especially the ones produced on average thickness, are of particular interest in daily clinical practice given their relevance in the study of glaucoma. On the other hand, a study recently published by our team compares the effect of two different trifocal IOLs on the optical OCT measurements [13] .
In the present study, OCT changes in the trifocal group were found on the same sectors as the ones observed in the previously mentioned study. The changes produced by a monofocal IOL it could also be compared in this study.
The peripapillary RNFL thickness differences produced by a multifocal IOL implantation compared to a monofocal one have not been detected in macular studies based on spectral-domain OCT or other OCT systems [14, 15] .
Our findings indicate a significantly higher RNFL thickness increase, measured by Cirrus®-OCT, in the average thickness and in the superior sectors after a trifocal IOL implantation than a monofocal one. Therefore, a higher RNFL thickness measurement found on a patient who had been previously implanted with a trifocal IOL, should be interpreted carefully because could be due to the lens optical variations produced on the OCT images.
Our novels findings need to be confirmed in future work although provide a starting point for further investigations into the possible impacts of these IOLs following their implant.
In conclusion, our findings indicate that cataract surgery with IOL implantation produce modifications in the peripapillary RNFL thickness measurements made by spectraldomain OCT and that these modifications vary according to the type of IOL implanted. These findings need confirmation in future studies.
Summary
What was known before
• Cataract surgery induces variations in measurements made by optical coherence tomography in macular thickness and retinal nerve fiber layer.
• These variations occur with different type of IOL.
What this study adds
• This is the first study that compares the alterations induce by two types of trifocal diffractive IOL with the alterations induce by a monofocal IOL in RNFL measurements made with spectral-domain OCT.
• The implantation of trifocal diffractive IOLs produces higher alterations in RNFL measurements made by spectral-domain optical coherence tomography than the implantation of monofocal IOL.
• This alterations occur mainly in average thickness and temporal sectors, so it has been considered in the followup of patients implanted with this type of IOL.
